Impact mechanism of nano-sized TiO2 and SiO2 on corrosion resistance of electric arc spraying sealing coat  by Qing, Tao et al.
 Procedia Earth and Planetary Science 1 (2009) 851–856 
www.elsevier.com/locate/procedia
 
The 6th International Conference on Mining Science & Technology 
Impact mechanism of nano-sized TiO2 and SiO2 on corrosion 
resistance of electric arc spraying sealing coat 
Tao Qinga, Sun Zhia*, Yi Chun-longb, An Yun-qib 
aSchool of Material Engineering and Technology, China University of Mining & Technology, Xuzhou 221116, China 
bDazheng Surface Engineering Technology Co, Ltd, Xuzhou 221008, China 
 
Abstract 
In this paper, the corrosion resistance of organic coatings addition with nano-sized TiO2 and SiO2 was studied based on 
influencing factors of protection with coatings. The corrosion protection performances of coatings were further discussed such as 
adhesion between the coatings and the metal substrate; barrier property of coatings to penetration of water and ions; the coatings 
microstructure and the galvano-chemistry performance with the SEM and IM6EX electrochemical active station. The results 
indicate that homogeneous nano fillers can improve the fluidity and permeability of the epoxy, stiffen the adhesion between the 
coatings and the metal substrate. In the electrochemical impedance spectroscopy (EIS) experiments, the impedance diagram 
showed the Warburg characteristic impedance. It means that nano-sized grains impede the diffusion of electrolyte in the coatings, 
which improves the corrosion resistance of the metal substrate. As the soak time increases, the structure of the organic coating 
involved, the obstructive of the nano-particles lessened, and the characteristic of the EIS was also changed.  
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1. Introduction 
 The corrosion behavior of metals in nature environment is a spontaneous process from the viewpoint of chemical 
thermodynamics, which can result in function-loss in construction equipments such as mining-machines. Among the 
corrosion protection methods for metals, organic coating is one of the most frequent applications at present. Due to 
the special effect of nano materials, there exists a trend in using nano materials to improve the mechanical anti-
corroding performance of coating. 
Many measures of protection are in their work to prevent or reduce corrosion to insure exploit the particular 
advantages of hardware 
There are three main failure modes: the first one is poor combining power between the coating and the basal 
body, that induces easier abscission on coatings; the second one is the coating losing protection because of the 
damage of the corrosion contaminants (acid, alkali, salt, etc); and the third mode is also the most important one, 
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 electric resistance of the coating falls down greatly because the electro-chemical corrosion occurs as some ions 
(such as Na+, Cl-) diffusion. 
There are two main paths to increase the performance of coatings. Preparation of the high-duty parent resin 
material can improve the nature of coatings. Add-on quality filling materials can also attain the same target. The 
nanophase materials have small-scale effect and surface effect that can make the coatings work with better 
performances.  
We studied the corrosion resistance of organic coatings addition with nano-sized TiO2, SiO2, based on 
influencing factors of protection with coatings. The corrosion protection performances of coatings were further 
discussed such as adhesion between the coatings and metal substrate; barrier property of coatings to penetration of 
water and ions; the coatings microstructure and the electro-chemistry performance. We also discussed the hard 
purport of the modified technology of the organic coating. 
2. Experimental methods 
2.1.  Microstructure of the organic coating 
Because of the surface effect, nano particles can have conglobation reaction easily. This character is the pacing 
factor that we can’t gain nanophase composite materials by straightforward admixture. If we want to endow the 
coating with uniqueness, the only way is to form uniform nanophase distribution in microscopic field in the organic 
phase. 
In this experiment, we adopted the method of mechanical-rabble combining with ultrasonic dispersion with 
dispersant agent used. The enriched slurry with nanophases of TiO2 and SiO2 is first got and then is the epoxide resin 
with homogeneous dispersion one, we observe the microscopic pattern of the nanophases after homogeneous 
dispersion and also the pattern of the varnish film after cure. 
2.2. Closed experiments of the modified organic coating with nanophases 
In order to give certification of the closeness of organic coatings, we used scanning electronic microscope (SEM) 
to observe the section configuration of the test sample with modified sealer. After that, we analyzed the osmotic 
permeability of the sealer. 
2.3.  Experiments of electrochemical impedance of the coating 
2.3.1.  Laboratory instrument 
The main laboratory instrument in this experiment is the electrochemical active station produced by the 
ZAHNER Company in Germany. 
2.3.2.  Sampling and experiments 
On the surface of the steel plate of Q235, we used the electric arc spraying technique to give the basal body the 
first layer of Al. And at the surface of the Al layer is the modified organic coating with nanophases such as TiO2 and 
SiO2. 
The steel plates were dip in NaCl solution with 3.5% consistency. The electrochemical impedance spectroscopy 
(EIS) were collected after 24h, 192h, and 432h delivery. We analyzed all the digital information. Three-electrode 
system was adopted, the reference electrode is saturated calomel electrode, the auxiliary electrode is platinum 
electrode, and the frequency dimension is between 100kHz-100MHz. 
3. Results and discussion 
3.1. Microstructure of the organic coating 
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The pattern of the nanophase of TiO2, SiO2 in the epoxies resin and the paint film after welding are shown in the 
following figures, the grain size of nanophase is about 20-60nm. The homogeneous micro distribution of the 
well dispersibility of the nanophases. 
 
Fig. 1. The microstructure of the organic coating (TEM) 
In the enriched slurry with nanoparticles, the original aggregates were disintegration, wetting coverture is 
occurred at the surface of the nanoparticles by dispersant agent, and the sorbing layer is formed around the particles 
with anchorage bond. The place steric hindrance effect of the anchorage bonds can ensure the enriched slurry not to 
be damaged by the component of the paint. All the bonds work well and the particles keep the stable disperse state. 
 
Fig. 2. The microstructure of the organic paint film (TEM)  
3.2. Closeness of the modified organic coating with nanophases 
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particles is both in the resin and the paint film. The aggregates are not visible after cure of the coating. This shows 
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 There are two aspects that can embodiment the closeness of the coating. The first phase is that the coating can 
latch-up the ventages in the basal body and countercheck the entrance of the corrosion. The other one is the effects 
of the chemical bonds. All the bonds can stiffen the binding force between the coating and the basal body, that can 
prevent the decollement and physical chemistry covering layer can be formed compact. 
The pattern of the cross section of the test sample is shown in Fig.3.The sealant leak through the ventages in the 
parent body approved well osmosis of the sealant. 
 
Fig. 3. The pattern of the cross section of the test sample(SEM) 
Crystal field circumstance around the atoms at the surface and the binding energy of the nanoparticals are 
different from the atoms inside, which can increase the surface energy. Around the surface atoms, especially the 
outward ones, because of the absence of the adjacent atoms, there will be dangling bonds with unsatisfied chemical 
bond. The nature of the atoms promotes the atoms combined with the others to make themselves stable. 
The direct contribution to the coating by the surface effect of the nanoparticles is to increase the bond strength of 
the unsatisfied chemical bond between the basal body and the coating. The binding force of the coating and the 
metal base is changed from Vander Waals force (about 0.4~4KJ/mol) and the hydrogen bond force by 
chemiadsorption (about 4.18~148kJ/mol) to the admixture binding force (molecular adsorption, chemical 
adsorption, diffusion bonding, chemical bonding, etc). This admixture binding force is greater than the expanding 
stress generated by the corrosion reaction at the interface of the metal base and the coating. This force is the 
effectiveness one to impediment the overburden mining of the coating and restrains the corrosion inactivation of the 
metal base. 
3.3. Analysis of the electrochemical impedance test  
The feature of the AC impedance curve for the prophase of the test is that the rate of the grade in the curve is 
approached by -1. A platform corresponds to the resistance of solution turns-up in the radio frequency head; the 
curve of the phase angle shows a gallery in a wide frequency range. That shows a rounded sinusoidal trace in Fig.4, 
which indicates that the coatings correspond to a isolated layer with a rather large resistance and a inferior 
capacitance.  
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Fig. 4. Dip in the NaCl solution with 24h (EIS) 
The EIS also give us some important information. The curve of the phase angle falls down obviously from the 
primary stage to intermediate stage. Compared with constituent of the organic coating and the hole in the coating, 
the electrolyte has smaller resistance and a rather larger dielectric. The infiltration of the electrolyte makes the 
change of the capacitance (CC) and the resistance (RC) of the coating. In the intermediate stage, the curve of the CC 
is upper shift to the primary stage. That phenomenon indicates that the infiltrate of the electrolyte is saturated and 
also prove the safety action of the coating to the basal body (Fig.5). 
There is a capacitive impedance arc and a Warburg characteristic curve in Fig.6.  
 
Fig. 5. Dip in the NaCl solution with 192h (EIS) 
The porosity and the bubbling area are enlarged in the anaphase of the test. The electrode process of the metal 
base determines the characteristic of the EIS (Fig.6). 
 
Fig. 6. The complex plane impedance with 432h 
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 We can get some information from the analysis of the electrochemical performances. The modified sealant with 
nanoparticles can greatly generate shielding effect for the metal base, which can hindrance the permeated and the 
diffusion of the corrosive and assurance the blocking effect for a long time. 
The wide distribution of the nanoparticles in the coating leads to more micro defects existing in the coatings. The 
porosity of the desquamation is increased after the formation of the electrochemical cell between the coating and the 
metal base. At that period, the coating has minor capacitance but a rather large increase of low-frequency 
impedance. A new protection mechanism comes into being within the corrosion products and the organic coating. 
4. Conclusions 
• The protection of the barrier coat for the metal base relevant to the combining power between the coating and the 
basal body. The invalidation of the coating is sometimes induced by reduce of the adhesive force. Liquidation of 
hole physically and enhance the binding effects of the chemical bond can increase the combining power between 
the modified coating and the basal body which can hindrance the inactivation of the hardwares. 
• The modified sealant can improve the osmotic permeability. Entrance-impeding of the aggressive medium can 
give stronger protection.  
• Nano-filling materials in the sealant amend the corrosion resistance of the coating. During the late stages of 
development, the coating has minor capacitance but a rather large increase of low-frequency impedance. A new 
protection mechanism may come into being within the corrosion products and the organic coating. 
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